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DETECTION METHOD, DISPLAY
APPARATUS, AND DETECTION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to and the benefit of
Japanese patent application Nos. 2016-110419 filed on Jun.
1, 2016, 2016-110423 filed on Jun. 1, 2016, 2016-110425

filed on Jun. 1, 2016, 2016-110440 filed on Jun. 1, 2016, and
2016-110445 filed on Jun. 1, 2016, the entire contents of

which are incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a detection method, a
display apparatus, and a detection system.

BACKGROUND

An example of an existing system detects the position of
an object with use of a camera.

SUMMARY

One of aspects resides 1n a detection method performed
by a system including a first 1imaging unit and a second
imaging umt that each capture an 1image of an object. The
detection method 1ncludes: acquiring a first captured image

with use of the first imaging unit; and acquiring a second
captured 1mage with use of the second imaging unit. The
detection method also includes: defining a position vector of
the object based on the first captured 1mage; calculating a
first direction vector directed from the second 1maging unit
to the object with use of the defined position vector; and
calculating a second direction vector directed from the
second 1maging unit to the object based on the second
captured image. The detection method also 1ncludes: calcu-
lating a position of the object based on the first direction
vector and the second direction vector.

Another aspect resides in a display apparatus to be
mounted on a user’s head. The display apparatus includes: a
light source; a sensor; a communication interface; and a
controller. The sensor 1s configured to detect a change 1n
angles around three axes of the user’s head. The communi-
cation iterface 1s configured to acquire information per-
taining to a position of the light source that i1s i1dentified
based on a plurality of images of the light source captured
by a plurality of imaging apparatuses. The controller 1s
configured to perform display control in accordance with the
position of the light source and with a direction of the user’s
head i1dentified based on output from the sensor.

Yet another aspect resides 1n a detection system, 1nclud-
ing: a first imaging unit that acquires a first captured 1image
pertaining to an object; a second 1maging unit that acquires
a second captured image pertaining to the object; and a
controller that calculates a position of the object based on the
first captured 1image and the second captured image. The
controller defines a position vector of the object based on the
first captured image, calculates a first direction vector
directed from the second captured image to the object with
use of the defined position vector, and calculates a second
direction vector directed from the second imaging unit to the
object based on the second captured image. The controller
also calculates the position of the object based on the first
direction vector and the second direction vector.

5

10

15

20

25

30

35

40

45

50

55

60

65

2
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 1s a function block diagram illustrating a schematic
configuration of a position detection system according to
Embodiment 1;

FIG. 2 1s a schematic view illustrating a principle of
position detection by a position detection system of FIG. 1;

FIG. 3 1s a flowchart 1llustrating an example of determi-
nation processing performed by an information processing
apparatus to determine a cause of a lost state;

FIG. 4 1s a function block diagram illustrating a schematic
configuration of an information display system using a
position detection system of FIG. 1;

FIG. 5 1s an external perspective view illustrating an
example of a head mount display of FIG. 4;

FIG. 6 1s a sequence view illustrating an example of
information display processing by an information display
system of FIG. 4;

FIG. 7 illustrates positions in three-dimensional space of
light sources included 1n a head mount display of FIG. 5; and

FIG. 8 1s a function block diagram 1llustrating a schematic
configuration of an information display system that includes
a plurality of head mount displays and that uses a position
detection system of FIG. 1.

DETAILED DESCRIPTION

Embodiments are described 1in detail below with reference
to the drawings.

Embodiment 1

FIG. 1 1s a function block diagram illustrating a schematic
configuration of a position detection system 100 according
to Embodiment 1. The position detection system 100 accord-
ing to the present embodiment includes a plurality of 1imag-
ing apparatuses and an information processing apparatus
130, which 1s configured to communicate with the imaging
apparatuses. In the present embodiment, as illustrated 1n
FIG. 1, the position detection system 100 includes, as the
plurality of 1maging apparatuses, two 1maging apparatuses,
namely, a first imaging apparatus 110 and a second imaging
apparatus 120. The position detection system 100 may also
include three or more 1maging apparatuses.

FIG. 2 1s a schematic view illustrating a principle of
position detection by the position detection system 100 of
FIG. 1. In the position detection system 100 according to the
present embodiment, the first imaging apparatus 110 and the
second 1maging apparatus 120 each capture an image of an
object P, whose position 1s to be detected. In the position
detection system 100 according to the present embodiment,
the information processing apparatus 130 calculates the
position of the object P based on captured images acquired
by the first imaging apparatus 110 and the second 1maging
apparatus 120. As illustrated 1n FIG. 2 as an example, the
first 1imaging apparatus 110 and the second 1maging appa-
ratus 120 capture images of the object P from diflerent
directions. In the present embodiment, the object P 1is
described as an infrared ray light emitting diode (LED) that
emits a near-inirared ray of, for example, 700 to 1500 nm or
SO.

With reference to FI1G. 1 again, the first imaging apparatus
110 includes a controller 111, a memory 112, a communi-
cation mnterface 113, and a first imaging unit 114. The first
imaging apparatus 110 captures an image of the object P and
transmits the captured image to the information processing,

apparatus 130.
The controller 111 1s a processor that controls and man-
ages the overall first imaging apparatus 110, including
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functional blocks included in the first 1maging apparatus
110. The controller 111 1s configured by a processor, such as
a central processing unit (CPU), that executes a program
prescribing control procedures. The program executed by
the processor may be stored 1n, for example, the memory 112
or an external storage medium. The controller 111 may
control 1maging processing performed by the first imaging
unit 114.

The memory 112 includes a variety of memory devices
that may store a variety of information, such as data neces-
sary for operation of the controller 111, depending on
applications. The memory 112 also includes a device, such
as a random access memory (RAM), that serves as a work
memory. The memory 112 may store therein an image
(hereinafter, may be called “first captured 1image”) captured
and acquired by the first imaging unit 114.

The communication interface 113 transmits and receives
a variety of information to and from the information pro-
cessing apparatus 130 via wired or wireless communica-
tions. Via the communication interface 113, the first imaging
apparatus 110 may transmit the first captured 1image to the
information processing apparatus 130.

The first imaging unit 114 captures an 1mage of the object
P. The first imaging unit 114 includes an 1imaging element
(image sensor) that captures an image projected onto the
clement by converting light into an electric signal. In the
present embodiment, the first imaging unit 114 1s an mirared
camera that detects an near-infrared ray emitted by the
object P.

The second 1maging apparatus 120 includes a controller
121, a memory 122, a communication interface 123, and a
second 1maging unit 124. Functions of the controller 121,
the memory 122, the communication interface 123, and the
second 1maging unit 124 are respectively the same as those
of the controller 111, the memory 112, the communication
interface 113, and the first imaging unit 114 included in the
first 1maging apparatus 110, and a detailed description
thereol 1s omitted herein. Herein, an image that 1s captured
and acquired by the second imaging unit 124 may be
hereafter called “second captured image.”

The information processing apparatus 130 includes a
controller 131, a memory 132, and a communication inter-
tace 133. The information processing apparatus 130 calcu-
lates the position of the object P based on captured images
that are acquired by the first imaging apparatus 110 and the
second 1maging apparatus 120.

The controller 131 1s a processor that controls and man-
ages the overall information processing apparatus 130,
including functional blocks included in the information
processing apparatus 130. The controller 131 1s configured
by a processor, such as a CPU, that executes a program
prescribing control procedures. The program executed by
the processor may be stored in, for example, the memory
132 or an external storage medium. The controller 131
calculates the position of the object to be detected, based on
the first captured 1image acquired by the first imaging appa-
ratus 110 and the second captured image acquired by the
second 1maging apparatus 120. Calculation processing, per-
formed by the controller 131, of calculating the position of
the object to be detected 1s described below 1n detail.

The memory 132 includes a variety of memory devices
that may store a variety of information, such as data neces-
sary lor operation of the controller 131, depending on
applications. The memory 132 also includes a device, such
as a RAM, that serves as a work memory. The memory 132
may store therein, for example, the first captured image and
the second captured image that are respectively acquired
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from the first imaging apparatus 110 and the second imaging
apparatus 120. The memory 132 may store therein, for
example, a history of the calculated position of the object.
The information processing apparatus 130 may calculate
displacement (trajectory) of the object based on the history
of the position of the object.

The communication interface 133 transmits and receives
a variety of information to and from the first 1imaging
apparatus 110 and the second imaging apparatus 120 via
wired or wireless commumnications. Via the communication
interface 133, the information processing apparatus 130 may
receive the first captured image and the second captured
image from the first 1imaging apparatus 110 and the second
imaging apparatus 120, respectively.

Next, with reference to FIG. 2, a description 1s given of
detail of the calculation processing, performed by the infor-
mation processing apparatus 130, of calculating the position
of the object to be detected.

In FIG. 2, an imaging range A of the first 1imaging
apparatus 110 and an imaging range B of the second 1imaging
apparatus 120 are illustrated virtually. That 1s to say, 1n FIG.
2, the imaging range A virtually illustrates the first captured
image acquired by the first imaging apparatus 110, and the
imaging range B virtually illustrates the second captured
image acquired by the second imaging apparatus 120. The
object P appears 1n a predetermined position on an image
plane of each of the first captured image and the second
captured 1mage. In the first captured image and the second
captured 1mage, coordinates of the positions 1n which the
object P appears are determined, with points of gaze of the
first imaging unit 114 and the second imaging unit 124 being
references.

In the present embodiment, a position vector of the first
imaging apparatus 110 and a position vector of the second
imaging apparatus 120 are denoted as a vector ¢, and a
vector ¢,, respectively. Furthermore, a direction vector
directed from the first imaging apparatus 110 to the object P
1s denoted as a vector a, and a direction vector directed from
the second 1maging apparatus 120 to the object P 1s denoted
as a vector b. The direction vector a 1s defined, for example,
as the direction vector that 1s directed from the position of
the 1maging element included in the first imaging unit 114
toward the object P to be detected on the 1image plane of the
first captured image. Similarly, the direction vector b 1is
defined, for example, as the direction vector that 1s directed
from the position of the imaging element included 1n the
second 1maging umt 124 toward the object P on the image
plane of the second captured 1mage. The direction vector a
and the direction vector b may be calculated by the control-
ler 131 of the information processing apparatus 130 based
on the first captured image and the second captured 1mage.
The lengths of the direction vector a and the direction vector
b 1n FIG. 2 are only 1illustrative. A position vector of the
object P 1s denoted as a vector p.

The position vector p of the object P 1s represented by the
following formula (1) using the position vector ¢, and the
direction vector a. The controller 131 of the information
processing apparatus 130 defines the position vector p as
represented in the following formula (1).

p =na+c

(1)

In the formula (1), n 1s a real number and 1s determined,
for example, 1n accordance with a distance from a sensor
position of the first imaging umt 114 to the object P to be
detected. By calculating (determining) n, the position vector
p 1s determined, and the position of the object P 1s deter-
mined.
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Herein, a direction vector (herein, called vector d)
directed from the second imaging apparatus 120 to the
object P may be represented by the following formula (2)
using the position vector ¢, of the second 1imaging apparatus
120. The controller 131 calculates the direction vector d.

g —3 — — —_— -

(2)

Since the direction vector d represented by the above
formula (2) 1s defined as the direction vector directed from
the second imaging apparatus 120 to the object P, the
direction of the direction vector d 1s the same as the direction
of the direction vector b. Accordingly, an angle formed
between the direction vector d and the direction vector b 1s
0°, and the magnitude of a cross product between the
direction vector d and the direction vector b 1s 0. This 1s
represented by the following formula (3).

dxb =] (HE}+C‘1—CZ)><E} =0

(3)

By solving the formula (3) for n, the following formula
(4) 1s denved.

(4)

|E5>< (cf —c2)|
Fl —

[ xg‘

By substituting the above formula (4) mto the above
formula (1), the position vector p 1s represented by the
following formula (5).

(5)

|B>< (cr -l _,
— ad+ Cq
[d x &}

B =

In the above formula (3), the position vector ¢, and the
position vector ¢, are determined by positions 1n which the
first 1imaging apparatus 110 and the second 1maging appa-
ratus 120 are disposed. The direction vector a and the
direction vector b may be calculated by the information
processing apparatus 130 from the first captured 1image and
the second captured image respectively acquired by the first
imaging apparatus 110 and the second imaging apparatus
120. Accordingly, the information processing apparatus 130
may calculate the position vector p of the object P with use
of the above formula (3). As represented by the formulae (3)
through (35), the controller 131 calculates the position of the
object P based on the direction vector d and the direction
vector b. For example, the controller 131 may calculate the
position of the object P based on the value of the cross
product between the direction vector d and the direction
vector b and with the assumption that the value of the cross
product 1s 0. Thus, the position detection system 100 permits
detection of the position of the object P.

In the position detection system 100 according to the
present embodiment, the first imaging apparatus 110 and the
second 1maging apparatus 120 capture images of the object
P from different directions. Accordingly, compared with a
system, such as a stereo camera, that calculates a distance by
taking advantage of parallax based on an 1mage captured
from a single direction with use of two cameras, the position
detection system 100 according to the present embodiment
improves precision in detection of the position.

The position detection system 100 may also i1dentity, for
cach frame or for every predetermined count of frames
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captured by the first imaging apparatus 110 and the second
imaging apparatus 120, the position of the object P.

Meanwhile, under certain situations, the position of the
object P might not be identified temporarily with the afore-
mentioned processing performed by the mmformation pro-
cessing apparatus 130. For instance, the object P might be
hidden by an obstacle and, 1n this case, the object P fails to
appear on an 1mage captured by the first imaging apparatus
110 or the second 1imaging apparatus 120. Herein, the above
state 1n which the object P fails to appear on a captured
image 1s hereinafter called “mask state.” In the mask state,
the controller 131 cannot calculate the direction vector a or
the direction vector b, and accordingly, cannot i1dentity the
position of the object P with the aforementioned formula (5).

For another instance, when the object P, whose position 1s
to be detected by the position detection system 100, 1s
provided 1n plurality, two or more objects P might be
arranged 1n series with respect to a gaze direction of the first
imaging apparatus 110 or the second 1imaging apparatus 120.
In this case, the two or more objects P are overlapped on a
captured 1mage. Herein, the above state 1n which the two or
more objects P are overlapped on a captured image 1s
hereinafter called *“‘cascade state.” In the cascade state, the
controller 131 might misconceive the positions of the two or
more objects P when the state in which the two or more
objects P are overlapped on the captured image 1s resolved.
Thus, the controller 131 might determine the positions of the
two or more objects P erroneously.

When the position of the object P 1s unidentifiable, the
detection system 100 according to the present embodiment
may determine whether the state 1n which the position of the
object P 1s unidentifiable 1s caused by the mask state or by
the cascade state. Now, a description 1s given of determi-
nation processing, performed by the position detection sys-
tem 100, of determiming whether the state in which the
position of the object P 1s umidentifiable 1s caused by the
mask state or by the cascade state. Herein, the mask state and
the cascade state are heremnafter collectively called “lost
state.”

When the object(s) P 1s(are) in the mask state, the count
of the object(s) P decreases in at least one of the first
captured 1image and the second captured image. Assume, for
example, that the position of a single object P i1s to be
detected 1n the position detection system 100. In this case,
when the object P 1s 1n the mask state, the count of the object
P appearing on at least one of the first captured 1mage and
the second captured image 1s zero. Similarly, when two or
more objects P are in the cascade state, the count of the
objects P appearing on a captured image also decreases
because the two or more objects P are overlapped on at least
one of the first captured image and the second captured
image. When, as described above, the count of the object(s)
P decreases on at least one of the first captured image and the
second captured 1mage, the controller 131 of the information
processing apparatus 130 determines that the object(s) P
1s(are) 1 the lost state.

When determining that the object(s) P 1s(are) in the lost
state, the controller 131 determines whether the lost state 1s
caused by the mask state or by the cascade state.

Now, firstly, processing performed by the controller 131
when the object P 1s 1n the mask state 1s described. Herein,
a description 1s given ol an example in which the object P
fails to appear on the first captured image by the first
imaging apparatus 110.

In the above description with respect to the calculation
processing, performed by the controller 131, of calculating
the position of the object P, the controller 131 1s described
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to calculate the direction vector a and the direction vector b
based on the first captured image and the second captured
image. However, when the object P, which 1s in the mask
state on the first captured 1image, does not appear on the first
captured i1mage, the controller 131 cannot calculate the
direction vector a. In this case, the controller 131 determines

the direction vector a based on a frame of the first captured
image on which the object P has last appeared. That 1s to say,
the controller 131 determines (presumes) the position on the
frame 1n which the object P has last appeared as the position
of the object P and defines the direction vector a based on
this position of the object P.

In cases of the mask state, the controller 131 calculates the
position vector p of the object P by the above formula (5)
using the direction vector a defined as described above. The
controller 131 continues to calculate the position vector p of
the object P with use of the direction vector a defined as
described above until the object P appears on the first
captured 1mage again. When the object P 1s out of the mask
state, that 1s to say, when the object P appears on the first
captured 1image, the controller 131 calculates the position of
the object P by determining the direction vector a based on
the first captured image again and by calculating the position
vector p of the object P with use of the determined direction
vector a.

Herein, when the object P i1s in the mask state, the
controller 131 performs the calculation processing by pre-
suming that the position on the frame 1n which the object P
has last appeared 1s the position of the object P. However, the
object P 1s actually moving, and the position of the object P
might change. When the position of the object P that the
controller 131 presumes differs from the actual position of
the object P, the direction of the aforementioned direction
vector d (refer to the above formula (2)), which 1s repre-
sented by using the position vector a, 1s not the same as the
direction of the direction vector b, which 1s calculated based
on the second captured image. This means that the magni-
tude of the cross product between the direction vector d and
the direction vector b 1s not zero in this case. By taking
advantage of the above, the controller 131 determines
whether or not the object P 1s in the mask state based on
whether or not the magnitude of the cross product between
the direction vector d and the direction vector b 1s zero, that
1s to say, whether or not the above formula (3) holds. When
the above formula (3) does not hold, the controller 131
determines that the object P 1s 1n the mask state. When the
above formula (3) holds, the controller 131 determines that
the object P 1s not 1n the mask state.

On the other hand, when two or more objects P are 1in the
cascade state, the two or more objects P appear as a single
object on a captured image. Herein, a description 1s given of
an example 1n which the two or more objects P appear as a
single object on the first captured 1mage by the first imaging
apparatus 110. In this case, a positional relation in the depth
direction of the two or more objects P cannot be determined
on the first captured 1image. However, since the two or more
objects P appear on the first captured 1mage, the controller
131 may determine the direction vector a based on the first
captured 1mage. Since the objects P are present on the
direction vector a determined by the controller 131, the
direction of the above direction vector d (refer to the above
formula (2)), which 1s represented by using the position
vector a, 1s the same as the direction of the direction vector
b, which 1s calculated based on the second captured image.
This means that the magnitude of the cross product between
the direction vector d and the direction vector b 1s zero.
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By taking advantage of the nature of the cross product
between the direction vector d and the direction vector b in
the mask state and 1n the cascade state, the controller 131
determines whether the lost state 1s caused by the mask state
or by the cascade state. In detail, when the magnitude of the
cross product between the direction vector d and the direc-
tion vector b 1s not zero, the controller 131 determines that
the lost state 1s caused by the mask state. When the mag-
nitude of the cross product between the direction vector d
and the direction vector b 1s zero, the controller 131 deter-
mines that the lost state 1s caused by the cascade state.

The controller 131 may also set a predetermined threshold
for the determination processing and determine whether the
lost state 1s caused by the mask state or by the cascade state
based on comparison between the threshold and the mag-
nitude of the cross product. For example, when the magni-
tude of the cross product between the direction vector d and
the direction vector b 1s greater than the threshold (e g.,0.1),
the controller 131 may determine that the lost state 1s caused
by the mask state. When the magnitude of the cross product
between the direction vector d and the direction vector b 1s
less than or equal to the threshold, the controller 131 may
determine that the lost state 1s caused by the cascade state.
The determination by setting the threshold as above permits,
even when certain tolerance occurs in the determination
processing, determination taking the tolerance into account.

FIG. 3 1s a flowchart illustrating an example of the
determination processing performed by the information pro-
cessing apparatus 130 to determine a cause of the lost state.
The processing of FIG. 3 1s performed when, for example,
the controller 131 of the information processing apparatus
130 determines that the object P 1s 1n the lost state.

Firstly, the controller 131 calculates the direction vector d
and the direction vector b based on the first captured image
and the second captured 1mage (Step S101).

The controller 131 calculates the magnitude of the cross
product between the direction vector d and the direction
vector b that are calculated 1n Step S101 (Step S102).

The controller 131 determines whether the magnitude of
the cross product calculated 1n Step S102 1s less than or
equal to the predetermined threshold (Step S103).

When determining that the magnitude of the cross product
1s less than or equal to the predetermined threshold (Yes 1n
Step S103), the controller 131 determines that the lost state
1s caused by the cascade state (Step S104). Then, the
controller 131 ends the processing tlow.

On the other hand, when determining that the magnitude
of the cross product 1s greater than the predetermined
threshold (No 1n Step S103), the controller 131 determines
that the lost state 1s caused by the mask state (Step S1035).
Then, the controller 131 ends the processing flow.

The controller 131 may also detect the positions of the
two or more objects P without misconception even when the
two or more objects P fall into the cascade state by tracking,
for each of the two or more objects P, a three-dimensional
position. For example, to detect the positions of the objects
P, the controller 131 calculates the positions of the two or
more objects P when they are not 1n the lost state and, from
a history of the calculated positions of the objects P, calcu-
lates displacement (trajectory) of the objects P. From the
calculated displacement of the objects P, the controller 131
identifies a three-dimensional travelling direction of the
objects P. Accordingly, even when the two or more objects
P fall into the cascade state on a frame, the controller 131
predicts the positions of the two or more objects P on a
subsequent frame based on the identified travelling direc-
tion. By bringing the predicted position of each object P into
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correspondence with the position of a different one of the
objects P on the subsequent frame that 1s 1n close distance
with the predicted position of the object P, the controller 131
detects the positions of the objects P. By thus tracking the
positions of the objects P, the controller 131 predicts the
positions of the objects P, and, based on the predicted
positions, 1dentifies the positions of the two or more objects
P that are 1n the cascade state.

Since being capable of 1dentifying the three-dimensional
travelling direction of the objects P from the calculated
displacement of the objects P, the controller 131 may also
predict whether the two or more objects P are likely to fall
into the cascade state. By predicting whether the two or
more objects P are likely to fall into the cascade state, the
controller 131 may also determine whether the lost state 1s
caused by the mask state or by the cascade state. That 1s to
say, when predicting that the two or more objects P are likely
to fall into the cascade state, the controller 131 determines,
in response to occurrence of the lost state, that the lost state
1s caused by the cascade state. When predicting that the two
or more objects P are unlikely to fall into the cascade state,
the controller 131 determines, in response to occurrence of
the lost state, that the lost state 1s caused by the mask state.

Next, a description 1s given of an application example of
the position detection system 100 described on the above. In
the application example described herein, the position detec-
tion system 100 1s applied to identily a position of a head
mount display (HMD), which 1s a display apparatus
mounted on a user’s head. The HMD i1s an example of a
detection target that 1s detectable by the position detection
system 100. In an mformation display system 1n which the
position detection system 100 1s applied, the position of the
HMD 1s identified by the aforementioned position detection
system 100, and information in accordance with the 1denti-
fied position 1s displayed on a display included 1n the HMD.

FI1G. 4 1s a function block diagram illustrating a schematic
configuration of an mnformation display system in which the
position detection system 100 1s applied. As illustrated in
FIG. 4, the information display system 200 includes a HMD
140, mn addition to the first imaging apparatus 110, the
second 1maging apparatus 120, and the information process-
ing apparatus 130, which are included 1n the position detec-
tion system 100. The information processing apparatus 130
1s configured to communicate with the HMD 140 wiredly or
wirelessly.

FIG. 5§ 1s an external perspective view 1illustrating an
example of the HMD 140. The HMD 140 includes a
substantially hemispherical mount portion 141, which may
be mounted on a user’s head, a display 142, which displays
information to a user when the user wears the HMD 140, and
a light source 143. In the present embodiment, as 1llustrated
in FIG. 5, the HMD 140 1s described to include two light
sources, namely, a light source 143a (first marker) and a
light source 1435 (second marker). The two light sources
143a and 1435 are collectively referred to as the light source
143 unless they are distinguished from each other.

With reference to FIG. 4 again, the HMD 140 includes the
display 142, the light source 143, a controller 144, a memory
145, a communication interface 146, and an angular velocity
detector 147.

The display 142 displays information to a user who wears
the HMD 140. The display 142 may include a display, such
as a liquid crystal display (LLCD) or an organic electrolumi-
nescence display (OELD), that displays information. The
display 142 may also include a housing that holds the
display. Although 1n FIG. 5 illustrates the so-called immer-
sive-type display 142, which has the housing that blocks a
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user’s view of the ambient world, the display 142 1s not
limited to the immersive-type. The 142 may be, for example,
a see-through-type that allows a user to visually perceive the
ambient world via the display 142.

The light source 143 emuits light that the first imaging
apparatus 110 and the second 1imaging apparatus 120 detect.
The object P described with respect to FIG. 2 may include
the light source 143. Similarly to the object P described with
respect to FIG. 2, the light source 143 1s an infrared LED that
emits a near-infrared ray. In the present embodiment, as
illustrated 1n FIG. 5§ as an example, the two light sources
143a and 1435b are disposed on the mount portion 141 1n a
manner such that the two light sources 143a and 1435 are
arranged along the front-rear direction when a user wears the
HMD 140.

The controller 144 1s a processor that controls and man-
ages the overall HMD 140, including functional blocks
included 1n the HMD 140. The controller 144 1s configured
by a processor, such as a CPU, that executes a program
prescribing control procedures. The program executed by
the processor may be stored in, for example, the memory
145 or an external storage medium. The controller 144
controls the display 142 to display a variety of information
in accordance with, for example, the position of a user, the
direction of a user’s head, or the like. For example, the
controller 144 controls the display 142 to display virtual
space 1n accordance with, for example, the position of a user
and the direction of a user’s head. The position of a user 1s
determined by the position of the HMD 140, worn by the
user, that 1s 1dentified by the information processing appa-
ratus 130. The direction of a user’s head 1s determined by the
direction of the HMD 140, which 1s worn on the user’s head.
The direction of a user’s head may encompass a set of three
axes directions of the head, changes thereof, or the like.

The memory 145 includes a variety of memory devices
that may store a variety of information, such as data neces-
sary for operation of the controller 144, depending on
applications. The memory 145 also includes a device, such
as a RAM, that serves as a work memory. The memory 145
stores therein a variety of data pertaining, for example, to
virtual space displayed on the display 142.

The communication interface 146 includes a communi-
cation interface that transmits and receives a variety of
information to and from the information processing appa-
ratus 130 through wired or wireless communications. Via the
communication interface 146, the HMD 140 may acquire
information pertaining to the position of the HMD 140 that
1s 1dentified by the information processing apparatus 130
based on the first captured 1mage and the second captured
image.

The angular velocity detector 147 may be a sensor that
detects a change 1n angular velocity of the HMD 140. The
angular velocity detector 147 may be configured by a gyro
sensor. However, the angular velocity detector 147 1s not
limited to a gyro sensor. The angular velocity detector 147
only needs to detect a change in angle of the HMD 140.
Accordingly, the angular velocity detector 147 may be
configured by an acceleration sensor, an angular sensor, and
other motion sensors, or a combination of these sensors.
Information pertaining to a change in angular velocity that
1s detected by the angular velocity detector 147 1s transmiut-
ted to the controller 144. Based on the information pertain-
ing to a change 1n angular velocity that 1s acquired from the
angular velocity detector 147, the controller 144 1dentifies
the direction of a user’s head. As illustrated 1in FIG. 5, for
example, the angular velocity detector 147 detects a change
in angular velocity around three axes, namely, a pitch axis
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(x-axis), a yaw axis (y-axis), and a roll axis (z-axis). Based
on output from the angular velocity detector 147, the con-
troller 144 1dentifies angles around the three axes of a user’s
head, that 1s to say, a pitch angle 0, a vaw angle W, and a roll
angle ¢.

Next, with reference to FIG. 6, a description 1s given of
virtual space display processing in the information display
system 200.

Firstly, the first imaging apparatus 110 acquires the first

captured 1mage by capturing an 1mage of the light source
143 (Step S201).

The first imaging apparatus 110 transmits the acquired

first captured 1image to the information processing apparatus
130 (Step S202).

The second imaging apparatus 120 acquires the second

captured 1mage by capturing an 1mage of the light source
143 (Step S203).

The second 1maging apparatus 120 transmits the acquired

second captured 1mage to the information processing appa-
ratus 130 (Step S204).

The processing in Steps S201 and S202 by the first
imaging apparatus 110 and the processing 1n Steps S203 and
S204 by the second imaging apparatus 120 may be per-
formed simultaneously.

Upon acquiring the first captured image and the second
captured 1image respectively from the first imaging apparatus
110 and the second 1maging apparatus 120, the information
processing apparatus 130 1dentifies the position of the HMD
140 based on the acquired captured images (Step S203). In
detail, the information processing apparatus 130 1dentifies
the position of the HMD 140 by calculating the position of
the light source 143 by the formula (5) with use of, for
example, the position of the first imaging apparatus 110 and
the position of the second 1imaging apparatus 120, which are
stored 1n the memory 132 i advance, and the acquired
captured 1mages.

The mformation processing apparatus 130 transmits, to
the HMD 140, information pertaining to the identified
position of the HMD 140 (Step S206).

With the angular velocity detector 147, the HMD 140
acquires 1nformation pertaining to a change 1n angular
velocity of the HMD 140 (Step S207).

Then, based on the information pertaining to a change in
angular velocity that 1s acquired by the angular velocity
detector 147, the HMD 140 i1dentifies the direction of a
user’s head (Step S208).

In accordance with the information pertaining to the
position that 1s acquired from the mformation processing
apparatus 130 1n Step S206 and the direction of a user’s head
that 1s 1dentified 1n Step S208, the HMD 140 displays virtual
space on the display 142 (Step S209).

In this way, the information display system 200 displays
virtual space on the display 142 in accordance with the
position of the HMD 140 and the direction of a user’s head.
Since, 1n the information display system 200, the aforemen-
tioned position detection system 100 1s applied to 1dentily
the position of the HMD 140, the position of the HMD 140
1s 1dentified with precision easily.

In the mformation display system 200, the HMD 140
identifies the direction of a user’s head. Accordingly, com-
pared with configurations 1n which, for example, the nfor-
mation processing apparatus 130 1dentifies the direction of a
user’s head based on the first captured 1mage and the second
captured 1image and notifies the HMD 140 of the identified
direction of a user’s head, the information display system
200 reduces delay 1n image with respect to a change 1n the
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direction of the user’s head. This improves convenience of
the information display system 200.

Embodiment 2

Embodiment 1 describes cases where the HMD 140
identifies the direction of a user’s head. Embodiment 2
describes cases where the information processing apparatus
130 1dentifies the direction of a user’s head. A description of
parts of Embodiment 2 that are common to Embodiment 1
1s omitted as needed. For example, in the present embodi-
ment, the configurations of the first imaging apparatus 110,
the second 1maging apparatus 120, the information process-
ing apparatus 130, and the HMD 140 are the same as those
in Embodiment 1, and a detailed description of these con-
figurations 1s omitted.

The HMD 140 may include the two light sources 143a
and 143b. The information processing apparatus 130
acquires the first captured image and the second captured
image respectively from the first imaging apparatus 110 and
the second 1imaging apparatus 120. Based on the acquired
first captured 1mage and second captured 1mage, the infor-
mation processing apparatus 130 calculates the positions in
three-dimensional space of the light sources 143a and 1435.
Based on the positions of the light sources 143a and 1435,
the information processing apparatus 130 identifies the
position of the HMD 140.

The information processing apparatus 130 calculates the
direction of a user’s head, which encompasses the pitch
angle 0, the yaw angle W, and the roll angle ¢ herein, based
on the positions of the light sources 143a and 1435. Now,
with reference to FIG. 7, a description 1s given of a method
of calculating the yaw angle W, for example. The x-axis,
y-axis, and z-axis 1n a left-handed coordinate system 1llus-
trated 1n FI1G. 7 correspond to the pitch axis, the yaw axis,
and the roll axis, respectively. Herein, position coordinates
of the light source 143aq are (x1, yl, z1), and position
coordinates of the light source 1435 are (x2, y2, z2). In this
case, the angle (vaw angle W) around the y-axis of the HMD
140 1s represented by the following formula (6).

W=arctan {(z2-z1)/(x2-x1)} (6)

Similarly, the angle (pitch angle 0) around the x-axis and
the angle (roll angle ¢) around the z-axis of the HMD 140

are represented by the following formulae (7) and (8).

O=arctan {(y2-v1)/(z2-z1)} (7)

¢p=arctan {(¥2-v1)/(x2-x1)} (%)

In this way, the information processing apparatus 130
identifies the direction of a user’s head based on the posi-
tions of the two light sources 143a and 1435 included 1n the
HMD 140. According to the information display system 200
herein, the positions of the light sources 143a and 1435 are
identified with high precision as described above. Accord-
ingly, precision in the detected direction of a user’s head 1s
improved. The configuration 1n which the information pro-
cessing apparatus 130 identifies the direction of a user’s
head omits the need for the angular velocity detector 147 1n

the HMD 140 and accordingly, allows a reduction in size
and cost of the HMD 140.

Embodiment 3

Embodiment 2 describes cases where the information
processing apparatus 130 identifies the direction of a user’s

head. Embodiment 3 describes cases where the HMD 140
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and the information processing apparatus 130 each identily
the direction of a user’s head. In Embodiment 3, the infor-
mation display system 200 may identify the direction of a
user’s head based on, for example, the direction (first
identified value) i1dentified by the HMD 140 and the direc-
tion (second identified value) 1dentified by the information
processing apparatus 130. A description of parts of Embodi-
ment 3 that are common to Embodiment 1 1s omitted as
needed. For example, 1n the present embodiment, the con-
figurations of the first imaging apparatus 110, the second
imaging apparatus 120, the information processing appara-
tus 130, and the HMD 140 are the same as those 1n
Embodiment 1, and a detailed description of these configu-
rations 1s omitted.

In the present embodiment, the information processing
apparatus 130 1dentifies the second identified value and
transmits, to the HMD 140, imnformation pertaiming to the
second 1dentified value periodically. When not receiving the
information pertaining to the second identified value from
the information processing apparatus 130, the HMD 140
identifies the first identified value identified by the HMD
140 as the direction of a user’s head. On the other hand, upon
receiving he information pertaiming to the second i1dentified
value from the mformation processing apparatus 130, the
HMD 140 corrects the first 1identified valued identified by
itself based on the second i1dentified value i1dentified by the
information processing apparatus 130. For example, when
the first 1dentified value differs from the second identified
value, the HMD 140 corrects the first identified value to be
closer to the second identified value. The HMD 140 may
correct the first 1dentified value to match the second 1den-
tified value. The HMD 140 identifies the corrected first
identified value as the direction of a user’s head.

The above configuration further improves precision in the
identified direction of a user’s head as described below.
Generally, a gyro sensor detects angular accelerations gen-
erated when the gyro sensor 1itself 1s rotated. The detected
angular accelerations are integrated over time domain, and
thus, converted into relative angles (1.e., directions) from a
reference direction. This means that errors in the detected
angular accelerations are also integrated and accordingly,
accumulated errors (drifting) might occur in the relative
angles.

In the above regard, one existing way to reduce the
accumulated errors generated in the pitch angle and the roll
angle 1s to correct the pitch angle and the roll angle based on
gravity components detected, for example, by an accelera-
tion sensor. One existing way to reduce the accumulated
errors generated 1n the yaw angle 1s to correct the yaw angle
based on a geomagnetic component detected, for example,
by a magnetometric sensor. Accordingly, to detect the direc-
tion of the object P with high precision with use of a gyro
sensor, an acceleration sensor and a magnetometric sensor
are generally required, and this may lead to an increase 1n
s1ze and cost of the apparatus. Since the correction of the
yaw angle with use of a magnetometric sensor depends on
precision 1n detection of the geomagnetic component, suil-
ficient precision 1n correction 1s not always achieved.

On the other hand, 1n the information display system 200
with the above configuration, the first identified value per-
taining to the direction of a user’s head that 1s 1dentified by
the HMD 140 with use of the angular velocity detector 147
1s corrected based on the second 1dentified value pertaining
to the direction of a user’s head that 1s identified by the
information processing apparatus 130 with use of the first
captured 1mage and the second captured image. Since the
first 1dentified value 1s corrected each time the information
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pertaining to the second identified value 1s transmitted from
the mnformation processing apparatus 130 to the HMD 140,

precision 1n the identified direction of a user’s head 1s
improved. During an interval between each time the infor-
mation pertaining to the second identified value is transmit-
ted periodically, the first identified value 1s 1dentified as the
direction of a user’s head. This permits the HMD 140 to
display an image, with a reduced delay, that follows a
change in the direction of a user’s head in the interval shorter
than a transmission cycle of the information pertaining to the
second 1dentified value, while improving precision in the
identified direction of a user’s head as described above.

Embodiments 2 and 3 describe the configuration in which
the HMD 140 includes the two light sources 143a and 1435
(the first marker and the second marker). However, even
when the HMD 140 includes a single light source having a
predetermined shape, the information processing apparatus
130 may 1dentily the direction of a user’s head. The prede-
termined shape refers to a shape that allows a plurality of
feature points 1n the light source to be detected from a
captured image. For example, when a light source having a
polygonal shape 1s adopted, the information processing
apparatus 130 detects, on a captured i1mage, apexes or the
contour of the polygon as the feature points. The information
processing apparatus 130 utilizes the two feature points on
a captured image, mnstead of two light sources 143a and
1435 on a captured 1image, as the first marker and the second
marker, to identily the direction of a user’s head.

Embodiment 4

In Embodiment 4, with reference to FIG. 8, a description
1s given of an example 1n which the position detection
system 100, as described with respect to Embodiment 1, 1s
applied to identily the position of the HMD 140, which 1s
provided 1n plurality.

FIG. 8 1s a function block diagram illustrating a schematic
configuration of an information display system 300 1n which
the position detection system 100 1s applied. As 1llustrated in
FIG. 8, the information display system 300 includes the
plurality of HMDs 140-1 to 140-N, 1n addition to the first
imaging apparatus 110, the second imaging apparatus 120,
and the information processing apparatus 130, which are
included 1n the position detection system 100. The informa-
tion processing apparatus 130 1s configured to communicate
with the HMDs 140-1 to 140-N wiredly or wirelessly. The
internal configuration of the HMDs 140-1 to 140-N 1s the
same as the internal configuration of the HMD 140 1llus-
trated i FI1G. 4, and a description thereof 1s omitted 1n FIG.
8. In the following description, the HMDs 140-1 to 140-N
are simply referred to as the HMDs 140 unless they are
distinguished from each other.

By the processing illustrated 1n Steps S201 through S205
in FIG. 6, the controller 131 may 1dentily the positions of the
HMD 140. When 1dentifying the positions of the plurality of
HMDs 140-1 to 140-N as 1llustrated 1n FIG. 8, the controller
131 1dentifies correspondence between the positions of the
light sources 143 and the positions of the N HMDs 140.
Heremnafter, the identification, performed by the controller
131 for the plurality of light sources 143, of correspondence
between the light sources 143 and the HMDs 140 may also
be called “distinguishment™ of the plurality of light sources
143 by the controller 131.

The controller 131 performs the distinguishment process-
ing for the light sources 143 at, for example, opening time
of a facility 1n which the HMDs 140 are used. The controller
131 may turn on the light sources 143 of the HMDs 140-1
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to 140-N sequentially. The controller 131 brings the position
of one of the light sources 143, which 1s newly detected
when the light source 143 of the HMD 140-1 1s turned on,
into correspondence with the position of the HMD 140-1.
Similarly, the controller 131 establishes, for the HMD 140-2
to HMD 140-N, correspondence between the remaiming
light sources 143 and the positions of the HMD 140-2 to
HMD 140-N.

Once the controller 131 performs the distinguishment
processing, the controller 131 may continue to track the
correspondence between the light sources 143 and the
HMDs 140 by storing, in the memory 132, a history of the
subsequent positions of the HMDs 140 (positions of the light
sources 143).

Meanwhile, 1n the information display system 300, which
includes the plurality of HMDs 140 as in the present
embodiment, for mnstance, any of the light sources 143 might
be hidden by an obstacle, and this may cause the mask state.
For another instance, the light sources 143 of two or more
of the HMDs 140 might be arranged 1n series with respect
to the gaze direction of the first imaging apparatus 110 or the
second 1imaging apparatus 120. In this case, the two or more
light sources 143 are overlapped on a captured image, and
this may cause the cascade state.

When any of the light sources 143 is in the mask state, the
count of the light sources 143 is reduced 1n at least one of
the first captured image and the second captured image.
Similarly, when any two or more light sources 143 are in the
cascade state, the count of the light sources 143 appearing on
a captured image 1s reduced because the two or more light
sources 143 are overlapped on at least one of the first
captured 1mage and the second captured image. When, as
described above, the count of the light sources 143 decreases
on at least one of the first captured image and the second
captured 1mage, the controller 131 of the information pro-
cessing apparatus 130 determines that the light source(s) 143
is(are) 1n the lost state.

When the light sources 143 of some of the HMDs 140-1
to 140-N are maintained in the lost state continuously, the
controller sometimes fails to establish, for the some of the
light sources 143, correspondence between the light sources
143 and the HMDs 140 even aiter the light sources 143 are
recovered from the lost state. That 1s to say, the lost state
might result in failure of the controller 131 to distinguish the
light sources 143. Assume, for example, that two light
sources 143 fall into the lost state and then are recovered
from the lost state after sufliciently long time. In this case,
even when a history of the positions of the two light sources
143, which fall into the lost state, i1s tracked immediately
betore the two light sources 143 fall into the lost state, the
controller 131 cannot determine which HMDs 140 corre-
spond to the recovered light sources 143.

When the lost state results in failure of the controller 131
to distinguish at least one of the light sources 143 as
described above, the controller 131 cannot display appro-
priate information on the displays 142 of the HMDs 140. In
this situation, the controller 131 therefore turns off all the
light sources 143 temporarily and then, performs the distin-
guishment processing again. Hereinafter, performing the
distinguishment processing again may also be referred to as
performing “redistinguishment processing.”

When the lost state results in failure to distinguish the
light sources 143, the controller 131 may perform the
redistinguishment processing at various timings.

For example, the controller 131 may perform the redis-
tinguishment processing at a stage when the positions of all
the light sources 143 become calculatable. By doing so, the
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controller 131 establishes, for all the HMDs 140-1 to 140-N,
correspondence with the light sources 143.

The controller 131 may also perform the redistinguish-
ment processing at a stage when the positions of a prede-
termined percentage of the total number of light sources 143
(e.g., 95% of the light sources 143) become calculatable. By
doing so, even when some of the light sources 143 remain
in the lost state and are not recovered for long time, the
controller 131 establish, for the remaining light sources 143
whose positions are calculatable at that point, correspon-
dence with the corresponding ones of the HMDs 140-1 to
140-N.

The controller 131 may also perform the redistinguish-
ment processing at a stage when at least one of the light
sources 143 1s recovered from the lost state and the position
of the recovered light source 143 becomes calculatable. The
controller 131 may also perform the redistinguishment pro-
cessing upon a lapse of predetermined time after at least one
of the light sources 143 falls into the lost state.

Thus, the position detection system 300 performs the
redistinguishment processing when the lost state results in
failure to distinguish at least one of the light sources 143.
Accordingly, the plurality of light sources 143 are brought
into correspondence with the HMDs 140 again, and conve-
nience of the position detection system 300 1s improved.

Note that the present disclosure 1s not limited to the
embodiments set forth above and may be modified or varied
in a multiple ways. For example, functions and the like
included 1n various component parts and the like may be
rearranged as long as the functions and the like are logically
consistent. A plurality of component parts and the like may
also be integrated or separated.

For example, although in the above embodiments the
position detection system 100 1s described to include the two
imaging apparatuses 110 and 120, the position detection
system 100 may include three or more 1maging apparatuses.
When the position detection system 100 includes three or
more 1maging apparatuses, the information processing appa-
ratus 130 identifies the position of the object P based on
captured 1mages acquired by any two of the 1maging appa-
ratuses. In this case, even when the object P does not appear
in a captured 1mage acquired by any of the 1imaging appa-
ratuses due to, for example, an obstacle blocking the object
P, the information processing apparatus 130 may identity the
position of the object P with use of another captured image
in which the object P appears.

In the above application example, the HMD 140 1s
described to include the two light sources 143a and 1435.
However, the count of light sources included in the HMD
140 1s not limited to two. The HMD 140 may include a
single, or, three or more light sources.

In the above application example, the HMD 140 1s
described to include the light source 143. However, the
application example 1s not limited to this example. The light
source 143 may be included in any apparatus other than the
HMD 140, and in this case, the information processing
apparatus 130 may identify the position of the apparatus that
includes the light source 143.

The HMD 140 may transmit the information pertaining to
the direction of a user’s head to an external apparatus, such
as the imformation processing apparatus 130. The above
configuration further improves convenience of the informa-
tion display system 200 as described below.

For example, after recerving the information pertaining to
the direction of a user’s head, the information processing
apparatus 130 may display, on an external display apparatus
or the like, a predetermined 1image 1n accordance with the
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position of the HMD 140 and the direction of the user’s
head. Examples of the predetermined image may include a
variety of 1images, such as an image that 1s substantially the
same as an 1mage displayed on the HMD 140 and a map
image that indicates the position and the direction of the user
in virtual space. Herein, when the information display
system 200 includes a plurality of HMDs 140, the informa-
tion processing apparatus 130 may, for example, display, on
the second HMD 140, an image that 1s displayed on the first
HMD 140 or display, on the plurality of HMDs 140, a map
image that indicates the positions and the directions of a
plurality of users.

After recerving the information pertaining to the direction
of a user’s head, the imnformation processing apparatus 130
may also predict the direction 1n which the position of the
user 1s displaced based on the received information pertain-
ing to the direction.

All the processing that the information processing appa-
ratus 130 performs in the above application example may be
performed by the HMD 140. In this case, the information
display system 200 may be configured by the first imaging
apparatus 110, the second 1maging apparatus 120, and the
HMD 140. Furthermore, in this case, the HMD 140 1s
configured to communicate with the first imaging apparatus
110 and the second imaging apparatus 120 wiredly or
wirelessly.

Information processing apparatuses, such as computers or
mobile phones, may be used to serve as the 1imaging appa-
ratuses 110 and 120, the information processing apparatus
130, and the HMD(s) 140 according to the above embodi-
ments. Such an information processing apparatus may be
achieved by storing, in a memory of the mformation pro-
cessing apparatus, a program describing contents of pro-
cessing required for functions of the imaging apparatuses
110 and 120, the information processing apparatus 130, and
the HMD(s) 140 according to the above embodiments and
by causing a processor of the mformation processing appa-
ratus to retrieve and execute the program.

The 1nvention claimed 1s:

1. A detection method performed by a system comprising
a first 1imaging unit and a second imaging umit that each
capture an 1mage of an object, the detection method com-
prising;:

acquiring a first captured image with use of the first

imaging unit;

acquiring a second captured image with use of the second

imaging unit;

defiming a position vector of the object based on the first

captured 1mage;

calculating a first direction vector directed from the

second 1maging unit to the object with use of the
defined position vector;

calculating a second direction vector directed from the

second 1maging unit to the object based on the second
captured 1mage; and

calculating a position of the object based on the first

direction vector and the second direction vector.

2. The detection method according to claim 1, wherein the
position of the object 1s calculated based on a value of a
cross product between the first direction vector and the
second direction vector.

3. The detection method according to claim 1, wherein the
position of the object 1s calculated based on the position
vector of the object that i1s calculated based on the first
direction vector and the second direction vector and that 1s
represented by the following formula (1):
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(1)

wherein vector p represents the position vector of the
object, vector a represents a direction vector directed
from the first 1maging unit to the object, vector b
represents the direction vector directed from the second
imaging unit to the object, vector ¢, represents a
position vector of the first imaging unit, and vector c,
represents a position vector of the second 1maging unait.
4. The detection method according to claim 1, wherein the
first 1maging unit and the second imaging unit capture the
images of the object from different directions.
5. The detection method according to claim 1, further
comprising;
identifying positions of a first marker and a second
marker, which serve as the object, based on the first
captured image and the second captured image; and

identifying a direction of a detection target, which
includes the first marker and the second marker, based
on the positions of the first marker and the second
marker.
6. The detection method according to claim 5, wherein the
direction of the detection target encompasses a yaw angle of
the detection target.
7. The detection method according to claim 5, further
comprising:
1dentifying the direction of the detection target with use of
a sensor disposed on the detection target; and

correcting the direction of the detection target identified
with use of the sensor based on the direction of the
detection target 1dentified based on the positions of the
first marker and the second marker.

8. The detection method according to claim 1, further
comprising;

determining, in a lost state 1n which the position of the

object 1s unidentifiable, whether the lost state 1s caused
by a mask state in which the object fails to appear on
at least one of the first captured 1image and the second
image or by a cascade state in which the object 1s
provided in plurality and in which two or more of the
plurality of objects are overlapped 1n a gaze direction of
at least one of the first imaging unit and the second
imaging unit, based on the first direction vector and the
second direction vector.

9. The detection method according to claim 8, wherein the
determination of whether or not the lost state 1s caused by
the mask state 1s made based on a cross product between the
first direction vector and the second direction vector.

10. The detection method according to claim 9, wherein
the determination of whether or not the lost state 1s caused
by the mask state 1s made by calculating n represented by the
following formula (2) based on the first captured 1image and
the second captured 1image and determining whether or not
the following formula (3) 1s satisfied:

b (cf - e3) 2)
1= — ; and
ax bl
(G +¢; — e3) x| = 0, (3)
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wherein vector a represents a direction vector directed
from the first 1maging unit to the object, vector b
represents the direction vector directed from the second
imaging unit to the object, vector c, represents a
position vector of the first imaging unit, and vector c,
represents a position vector of the second 1imaging unit.

11. The detection method according to claim 1, further

comprising:

calculating, for the object provided in plurality, the posi-
tion of each of the plurality of objects based on the first
captured 1mage and the second captured i1mage to
distinguish the plurality of objects; and

performing redistinguishment processing for the plurality
ol objects when at least one of the plurality of objects
falls 1nto a lost state and becomes unidentifiable.

12. A detection system, comprising:

a 1irst imaging unit that acquires a first captured image
pertaining to an object;

a second 1maging unit that acquires a second captured
image pertaining to the object; and

a controller that calculates a position of the object based
on the first captured image and the second captured
image, wherein

the controller defines a position vector of the object based
on the first captured image, calculates a first direction
vector directed from the second captured image to the
object with use of the defined position vector, calcu-
lates a second direction vector directed from the second
imaging unit to the object based on the second captured
image, and calculates the position of the object based

on the first direction vector and the second direction
vector.
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13. The detection system according to claim 12, wherein

the controller

calculates, for the object provided 1n plurality, the position

of each of the plurality of objects based on the first
captured 1mage and the second captured image to
distinguish the plurality of objects, and

performs redistinguishment processing for the plurality of

objects when at least one of the plurality of objects falls
into a lost state and becomes umdentifiable.

14. The detection system according to claim 13, wherein
the controller performs the redistinguishment processing
once a count of objects whose positions are calculatable
satisfies a predetermined condition when the at least one of
the plurality of objects becomes unidentifiable.

15. The detection system according to claim 14, wherein
the controller performs the redistinguishment processing
once the positions of all the plurality of objects become
calculatable.

16. The detection system according to claim 14, wherein
the controller performs the redistinguishment processing
once a percentage of the count of objects whose positions are
calculatable with respect to a total count of the plurality of
objects reaches a predetermined percentage or more.

17. The detection system according to claim 14, wherein
the controller performs the redistinguishment processing
once the position of the at least one of the plurality of objects
in the lost state becomes calculatable.

18. The detection system according to claim 13, wherein
the controller performs the redistinguishment processing
upon a lapse of predetermined time aiter the at least one of
the plurality of objects falls 1into the lost state.
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